Gammarid crustacea exhibit precopula mate guarding in which a male will carry a potential mate beneath his ventral surface, guarding her for several days until she moults and lays her eggs. I investigated the role of the calceoli (bulb-like structures on the second antennae) in mate assessment and precopula pairing in two Gammarus species by comparing the behaviour of males with and without calceoli. Removal of the calceoli had no effect on the pattern of size-assortative mating, nor did it reduce the number of contacts made per unit time between potential mates. However, males without calceoli reduced their assessment of potential mates, were less likely to guard a suitable female and guarded for a shorter period. These data support the hypothesis that calceoli are used during contact assessment to determine a female's intermoult period and hence suitability for guarding.
Precopula guarding is a male competitive strategy (Parker 1974; Grafen & Ridley 1983) in species where the female is available for mating for only a short period during her reproductive cycle. A number of amphipod and isopod crustaceans display precopula mate guarding in which the male will carry a potential mate beneath his ventral surface for several days before she becomes available for mating. Females lay their eggs when they moult and precopula guarding increases the chances that the male will succeed in mating with the female when she moults. Gammarus males are choosy and prefer large, fecund females over smaller females within the constraints of mechanical load and male-male competition (Ward 1987; Adams et al. 1989; Hatcher & Dunn 1997) . Males will guard large females for longer than small females (Ward 1984; Elwood & Dick 1990 ) and females are valued more highly close to their moult (Hartnoll & Smith 1978; Birkhead & Clarkson 1980; Dunham et al. 1986; Hunte & Myers 1987) .
The mechanism by which the male assesses a female's size and moulting status is unclear but the calceoli may play a role in this process (Dahl et al. 1970) . Calceoli are complex, bulb-like structures approximately 100 m in diameter attached by a thin stalk to the distal portion of antennae 2 (Lincoln 1985) . In gammarids they are predominantly found on the male (Lincoln 1985; Read & Williams 1991) . Dahl et al. (1970) demonstrated selective uptake in the calceoli of radiolabelled chemicals produced by female G. duebeni and suggested that calceoli were important for sex pheromone reception. However, Hartnoll & Smith (1980) found no evidence for either distance-or contact-based pheromones involved in mate assessment and Read & Williams (1990) found no reduction in precopula pairing or mate selection by G. pseudolimnaeus males from which the calceoli were ablated. Lincoln & Hurley (1981) and Lincoln (1985) described the ultrastructure of the amphipod calceolus and proposed a vibroreception function. Here I investigate the role of calceoli in precopula pairing in G. duebeni and G. zaddachi by examining the pairing behaviour of males in the absence of calceoli.
METHODS
I randomly collected, with a fine mesh net, adult G. duebeni from a population in Totton Marsh, Southampton and G. zaddachi from a population in Beadnell, Northumberland, U.K. in May 1997 and 1998. Gammarus females are guarded for a few days before they moult and before mating occurs and breeding is not synchronous. Therefore, the field collections contained females at various stages in their moult cycle. To investigate the role of calceoli in pair formation, mate assessment and size-assortative pairing, I controlled for female intermoult period by using only those animals that were in precopula when collected. Females that are not in precopula may be some time away from their attractive period and would be a confounding factor in these
